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@ An annplification circuit for power amplification of 
an audio signal or other signal includes a main 
power source line (42) for supplying a driving power 
to a load, a switching element (Qs) inserted in the 
main power source line for turning on and off the 
main power line, a smoothing circuit (Li) inserted in 
the main power line for smoothing an output of the 
switching element, a switching control circuit for 
switching the switching element with a variable on- 
off ratio in accordance with the level of an input 
signal, an auxiliary power source line (48) capable of 
responding to change in the level of the input signal 
al a higher speed than the main power line to supply 
power to the load, an auxiliary power supply amount 


adjusting element (Qb) inserted in the auxiliary pow- 
er line to adjust the power supply amount from the 
auxiliary power source line to the load, and an auxil- 
iary power supply amount control circiut for control- 
ling the auxiliary power supply adjusting element to 
cause power corresponding to deficiency of power 
supply by the main power source line to be supplied 
from the auxiliary power source line. The amplifica- 
tion circuit is driven by a power voltage capable of 
supplying substantially a maximum output from the 
auxiliary power source line to the load regardless of 
magnitude of deficiency of the power supply amount 
to the load by the main power source line. 



FIG. 1 
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This invention relates to an amplification circuit 
used for power amplification of an audio signal or 
other signal and, more particularly, to an amplifica- 
lion circuil with improved efficiency and and with 
improved response characteristic to a sharp rise of 
a large amplitude input. 

As a power amplification circuit for audio sig- 
nals, an SEPP (single ended push-pull) circuit as 
shown in Fig. 2 is generally employed. In this 
circuit, transistors Q1 and Q2 constitute a push-pull 
circuit in which a signal from a prior stage is 
received to bases of these transistors and the input 
signal is amplified by a power supplied from power 
sources 12 and 14 to drive a load ( 
e.g^loudspeaker) 10. 

Since, in this circuit, the transistors Q1 and Q2 
are driven by source voltages + B and - B from 
which a maximum output can always be provided, 
this circut has the disadvantage that power loss 
(amount of heat generation) in the transistors Ql 
and Q2 is large even when an input signal of a 
small level is applied. 

For solving this problem, there has been pro- 
posed a voltage switching system as shown in Fig. 
3. In this system, source voltage used is switched 
depending upon the magnitude of an input signal. 
Power source 12 and 14 of Fig. 2 are respectively 
divided in two power sources 16, 18 and 20, 22 (B 
= 81 + 82) and the source voltage of transistors 
Ql and Q2 is switched by switches 24 and 26 and 
diodes D1 and U2. More specifically, when the 
input signal level is small, the switches 24 and 26 
are turned off put in an off state and the transistors 
Ql and Q2 are driven by the source voltages + 81 
and -B1 . When the input signal level has increased 
and therefore the source voltages + 81 and - 81 
alone cannot supply necessary power to the load 
10 any more, the switches 24 and 26 are turned on 
to drive the transistors Ql and Q2 by source vol- 
tages (+ 81) + (+ 82) and (-81) + (- 82). 

Since the transistors Ql and Q2 in this circuit 
are driven by low voltages -»- 81 and - 81 when a 
signal of a small level is applied, loss during ap- 
plication of a small level signal can be reduced as 
shown in Fig. 4 in comparison with the circuit of 
Fig. 2 having no voltage switching function. After 
turning on of the switches 24 and 26. however, loss 
becoems as large as the circuit of Fig. 2 as shown 
in Fig. 4. In an audio signal for music, variation in 
amplitude is generally large and probability of 
switching is very high even though its average 
power is small. Improvement of efficiency in a 
large scale in an amplification circuit therefore is 
rather difficult. 

It is theoretically possible to improve efficiency 
by increasing, as shown in Fig. 5, the number of 
voltage switching stages, i.e., the number of di- 
vision of the power source + 8. This structure, 
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however, requires Increase in power sources, 
switches and diodes with resulting complex and 
large scale circuit design. Moreover, in actual cir- 
cuil design, power loss due to passing through 

5 many switches increases and, the provision of the 
voltage switching stages will be limited to two or 
three stages as a proper number of stages and, in 
this case, a large scale improvement in efficiency 
will be difficult. 

70 There has been used a PWM (pulse width 

modulation) amplifier as shown in Fig. 6 for improv- 
ing efficiency. An input such as an audio signal 
from a preamplifier is applied to a PWM circuit 28 
and a PWM signal having duty factors correspond- 

15 ing to signal levels at respective time points of the 
input audio signal waveform is produced. Push-pull 
transistors Ql and Q2 in the output stage are 
alternately switched by this PWM signal to supply 
power from the power sources 12 and 14 to a load 

20 10. According to this construction, the transistors 
01 and Q2 are switching-driven and therefore loss 
during a large output becomes small and efficiency 
thereby can be greatly improved- 
There is another conventional power amplifica- 

25 tion circuit designed for improving efficiency as 
shown in Fig. 7. In this circuit, a power amplifier 32 
is driven by voltages dropped from source voltages 
+ B (12) and - B (14) by using switching series 
regulators 34 and 36 and loss in the power am- 

30 plifier 32 thereby is reduced. The switching series 
regulators 34 and 36 drop the source voltages + B 
and - B to voltages which are sufficient and neces- 
sary for taking out necessary power from the power 
amplifier 32, by variably switching on-off ratio in 

35 accordance with the output (or inout) of the output 
of the power amplifier 32. According to this circuit, 
as shown in Fig. 8, output voltages of the switching 
series regulators 34 and 36 change in accordance 
with the output voltage of the power amplifier 32, 

40 so that loss of an output transistor in the power 
amplifier 32 becomes substantially of a constant 
value regardless of magnitude of the output of the 
power amplifier 32. Moreover, since the switcing 
series regulators 34 and 36 are driven in switch- 

45 driving, loss in the switching series regulators 34 
and 36 is also small and the efficiency as a whole 
can be greatly improved. 

The amplifiers shown in Figs. 6 and 7, how- 
ever, have the following drawbacks. 

50 In the PWM amplifier shown in Fig. 6, a filter 

circuit 30 is inserted between output terminal of the 
transistors and the load 10 for demodulating a 
PWM signal provided by the transistors Ql and Q2 
to an audio signal. This causes a speed of rising 

55 operation of the amplifier (through rale) to decrease 
with the result that the amplifier cannot respond 
sufficiently to a sharp rise characleristci due to a 
large amplitude of an audio input signal. The speed 
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of response can be innproved to some degree by 
increasing the cutoff frequency of the filter circuit 
30 by increasing the switching frequency 
(frequency of the PWM signal). The increase in the 
switching frequency, however, increases the nunn- 5 
bar of switching which causes drop in efficiency 
due to switching loss. This reduces the merit of 
adopting switching drive. For this reason, with 
switching frequency within a practical range, the 
amplifier cannot respond sufficiently to a sharp rise to 
to a large amplitude of an audio input signal. 

In the circuit of Fig. 7, the switching series 
regulators 34 and 36 include a smoothing circuit for 
smoothing a switching outpijt waveform and sup- 
plying the smoothed output to the power amplifier 76 
32. This prevents power supply from responding 
quickly to a sharp rise due to a large amplitude 
input with resulitng clipping of the output of the 
power amplifier 32. 

It is, therefore, an object of the invention to 20 
provide a amplification circuit having an improved 
efficiency and improved response to a sharp rise 
characteristic due to a large amplitude of an input 
signal. 

For achieving the object of the invention, an 25 
amplification circuit comprises power amplifying 
means for amplifying an input singal, the power 
amplifying means capable of being driven by re- 
ceiving a source voltage, a power source, main 
power source supplying means for supplying a 30 
source voltage from said power source to said 
power amplifying means, said main power source 
supplying means comprising, a switching element, 
provided between said power amplifying means 
and said power source, for switching transmission 35 
of said power source and said power amplifying 
means, smoothing means for smoothing a switch- 
ing output through the switching element and 
switching control means for controlling a switching 
operation of the switching element, auxiliary power 40 
source supplying means for supplementing a defi- 
ciency of a necessary source voltage to normally 
drive the power amplifying means with supply of 
the source voltage from said main power source 
supplying means. 45 

According to the invention, power supply to the 
load Is mainly made from the main power line 
which supplies current In swithcing drive and, ac- 
cordingly, loss can be reduced. In the case of a 
sharp rise time of an input which the main power so 
line cannot cope with due to existence of a 
smoothing circuit therein, power supply Is made 
from the auxiliary power line having a quicker re- 
sponse characteristic than the main power line, so 
that such sharp rise to a large amplitude can be 55 
sufficiently cope with. Moreover, since the auxiliary 
power line is driven by a source voltage capable of 
supplying substantially a maximum output to the 


load regardless of magnitude of deficiency of pow- 
er supply amount to the load by the main power 
line, no clipping of the output takes place. Although 
the auxiliary power line is driven by such source 
voltage, the power supply is normally made mainly 
by the main power line and. therefore, an average 
current value of current flowing through the auxil- 
iary power line can be small and therefore loss in 
the auxiliary power line can be small. Thus, an 
amplification circuit having an improved efficiency 
and having an excellent response characteristic to 
a sharp rise of a large amplitude input can be 
realized. 

Embodiments of the Invention will be described 
below with reference to the accompanying draw- 
ings. 

In the accompanying drawings, 
Fig. 1 is a circuit diagram showing a first em- 
bodiment of the invention: 

Fig. 2 is a circuit diagram showing a general 
prior art amplification circuit; 
Fig. 3 is a circuit diagram showing a prior art 
amplification circuit of a voltage switching type; 
Fig. 4 is a characteristic diagram of loss In the 
circuits of Figs. 2 and 3: 

Fig. 5 is a circit diagram of a prior art amplifica- 
tion circuit of a voltage switching type perform- 
ing multi-stage switching; 

Fig. 6 is a circuit diagram showing a prior art 
PWM amplifier; 

Fig. 7 is a circuit diagram showing a prior art 
amplification circuit of a switching series regula- 
tor system; 

Fig. 8 is a waveform diagram for showing the 

operation of the circuit of Fig. 7; 

Fig. 9 is a circuit diagram showing a portion of 

the circuit of Fig. 1 including transistors Q1 and 

Q2; 

Fig. 10 is a waveform diagram for showing the 
operation of the circuit of Fig, 9; 
Fig. 11 is a circuit diagram showing a specific 
example of a hysteresis comparator 50 in Fig. 1 ; 
Fig. 12 is a block diagram schematically show- 
ing the circuit of Fig. 1; 

Fig. 13 Is a circuit diagram showing a specific 
example of the circuit of Fig. 1 ; 
Fig. 14 is a circuit diagram showing a second 
embodiment of the invention; and 
Fig. 15 is a circuit diagram showing a third 
embodiment of the invention. 
Embodiments of the Invention will now be de- 
scribed. 

Embodiment 1 


Fig. 1 shows an embodiment of the invention. 
In Fig. 1, a circuit of the positive side only is 
Illustrated. A negative side circuit 38 is constructed 
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in the same manner as the positive side circuit and 
is driven by a power source 46 (power voltage - B). 
The following description will be made about the 
positive side circuit only. 

An audio signal is applied to transistors Qd and 
Qd' of a drive stage to drive transistors Qa and Qa* 
of an output stage and thereby supply necessary 
power to a load (i.e., loudspeakers) 10. 

A main power source line 42 for mainly sup- 
plying main supply source voltage to the load 10 
consists of a power source 44 (source voltage + 
B), a switching transistor Qs (switching element), a 
smoothing inductor LI (smoothing circuit), an out- 
put stage transistor Qa and resistance Ra. An auxil- 
iary power source line 48 for supplying a portion of 
necessary power which the main power source line 
42 cannot satisfy consists of the power source 44. 
resistance Rs. a transistor Qb (auxiliary power sup- 
ply amount adjusting element), the output stage 
transistor Qa and resistance Ra. 

The resistance Rs is small resistance for de- 
tecting current IQb flowing through the auxiliary 
power source line 48. Voltage VRs produced 
across the resistance Rs by the current IQb is 
applied to a hysteresis comparator 50. The hyster- 
esis comparator 50 and the resistance Rs con- 
stitute switch control means for the transistor Qs. 
The comparator 50 produces "0" when the voltage 
VRs has exceeded a predetermined upper limit 
value (upper reference voltage) VHCH and thereby 
causes the transistor Qs to be turned on and main- 
tains "0" until the voltage VRs has dropped to a 
predetermined lower limit value VHCL. When the 
voltage VRs has dropped below the lower limit 
value VHCL, the comparator 50 produces "1" and 
thereby causes the transistor Qs to be turned off 
and maintains "1" until the voltage VRs has ex- 
ceeded the upper limit value VHCH. The transistor 
Qs thereby performs a switching operation. The 
smoothing coil Li smoothes an output waveform of 
the transistor Qs produced by this switching opera- 
tion and supplies the smoothed output to the load 
10. A diode D3 is a flywheel diode forming a 
current path of current flowing from the smoothing 
coil LI when the transistor Qs is off. 

A dc power source 52 is connected between 
the emitter of the output transistor Qa and the base 
of the transistor Qb. Powe/ voltage VI thereof is 
set to (VI = VQamin + VQbBE). VQamin is mini- 
mum voltage at which the output transistor Qa can 
secure linearity at its maximum output and is nor- 
mally about 2V to 3V. VQbBE Is base-emitter volt- 
age of the transistor Qb which is about 0.6V when 
the transistor Qb is on. A path 51 leading from the 
emitter of the transistor Qa to the base of the 
transistor Qb through the power source 52 con- 
stitutes auxiliary power supply amount control 
means. 


The operation of the circuit of Fig. 1 will now 
be described. Let us assume now that the output of 
the hysteresis comparator 50 is "1" and the switch- 
ing transistor Qs is off. An audio input signal is 

5 supplied to the output stage transistor Qa through 
the transistor Qd and, as a result, the transistor Qa 
is turned on. The current IQb thereby flows to the 
transistor Qa via the auxiliary power line 48 and is 
supplied to the load 10. The voltage VRS is pro- 

70 duced across the resistance Rs by this current IQb. 
When the voltage VRs has reached the upper limit 
value VHCH, the output of the hysteresis compara- 
tor 50 is inverted to "0" and thereby causes the 
transistor Qs to be turned on. This enables current 

75 to be supplied from the main power source line 42. 

Since total resistance value of the main power 
source line 42 is smaller than total resistance value 
of the auxiliary power source line 48 when the 
transistor Qs in on, once the transistor Qs has been 

20 turned on, current IL1 from the main power source 
line 42 increases and current IQb from the auxiliary 
power source line 48 decreases by the amount of 
increase in the main power source line 42. The 
currents ILI and IQb are added together at an 

25 addition point 49 and sum current (ILI + IQb) is 
supplied as load current IRL to the load 10 through 
the transistor Qa. Necessary power is thereby sup- 
plied to the load 1 0. 

Immediately before the current IQb from the 

30 auxiliary power source line 48 becomes 0, the 
voltage VRS across the resistance Rs reaches the 
lower limit value VHCL and the output of the com- 
parator 50 is turned to "1 " whereby the transistor 
Qs is turned off. When the transistor Qs has been 

35 turned off, the current IL1 of the smoothing coil LI 
flows through the diode D3. As this current ILI 
decreases gradually, the current IQb of the auxil- 
iary power source line 48 increases and, when the 
voltage VRs has reached the upper limit value 

40 VHCH. the output of the comparator 50 is turned to 
"0" thereby causing the transistor Qs to be turned 
on. This operation is subsequently repeated. In the 
above described manner, transistor Qs is switched 
by self-oscillation with the ratio of the on-period 

45 and off-period varying depending upon the level of 
the audio input signal. 

According to this operation, the transistor Qb is 
always in an active state and the current IRL flow- 
ing from the transistor Qa to the load 10 is supplied 

50 from both the main power source line 42 and the 
auxiliary power source line 48. Since the transistor 
Qs of the main power source line 42 is driven in 
switching, loss in the transistor Qs is relatively 
small. In the auxiliary power source line 48. loss 

56 thereof is caused in the transistor Qb. Since, how- 
ever, the current IQb flowing through the transistor 
Qb can be reduced substantially to the same 
amount as a ripple current of the output current ILI 
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of the smoothing inductor LI by respectively ad- 
justing linnit values VHCH and VHCL of the resis- 
tance Rs and the hysteresis comparator 50, the 
current IL1 becomes much smaller than the current 
IQb and, as a result, the loss in the transistor Qb 
can be held at a small value. 

Moreover, the transistor Qb is always on and 
the voltage VQbBE is about 0.6V, the colector- 
emitter voltage VQa of the output stage transistor 
Qa is always maintained at VQa = V1 - VQbBE = 
VQamin. Accordingly, the loss of the output stage 
transistor Qa can be held at the minimum. Accord- 
ing to the circuit of Fig. 1 , therefore, a great advan- 
tage can be obtained by holding the loss of the 
output stage transistor Qa at the minimum. 

Fig. 9 shows a portion of Fig. 1 including the 
transistors Qb and Qs. The operation of this circuit 
portion will be described with reference to Fig. 10. 
When a step-like input voltage Vin has been ap- 
plied from the signal source 54 to the transistor Qb 
(time t1 in Fig. 10), all the output current IRL is 
initially supplied from the transistor Qb of the auxil- 
iary power line 48, for the transistor Qs initially is 
off. Then the currrent IQb of the transistor Qb 
increases quickly and the voltage VRs across the 
resistance Rs reaches the upper reference voltage 
VHCH of the comparator 50. The output of the 
comparator 50 thereupon is turned to "0" to cause 
the transistor Qs to be turned on. Supply of power 
from the main power source line 42 is thereby 
started. The current IL1 from the main power 
source line 42 does not increase quickly but in- 
creases gradually because there is the smoothing 
inductor LI. As the main current ILI increases 
gradually, the auxiliary current IQb which is IQb = 
IRL - ILI decreases gradually. When the auxiliary 
current IQb has decreased and the voltage VRs 
has reached the lower reference voltage VHCL of 
the comparator 50 ( time t2), the transistor Qs is 
turned off and the output current ILI of the smooth- 
ing inductor LI decreases gradually. This causes 
the auxiliary current IQb to increase and, when the 
voltage VRs has reached the upper reference volt- 
age VHCH (time t3), the transistor Qs is turned on 
again. Subsequently, the same operation is re- 
peated if the same audio input signal is supplied. In 
the initial rising portion (immediately after the time 
ti), the ouptut current ILI of the smoothing inductor 
LI does not catch up with the input Vin soon so 
that power is supplied mainly by the auxiliary cur- 
rent IQb. When there is not much variation in the 
input Vin and there is not much variation either in 
the load current IRL, power is supplied mostly from 
the main power source line 42. Since a high fre- 
quency component ( i.e.. a signal which varies 
largely) of a musical signal has a relative small 
energy, even if power of the high frequency com- 
ponent is supplied from the auxiliary power source 
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line 48, average value of the auxiliary current IQb is 
small and, therefore, most of the load current IRL is 
suppli d as the current ILI from the main power 
source line 42 as a high efficient source line by the 

5 switching drive. Further, in the circuit of Fig. 1, the 
load current IRL is all supplied from the transistor 
Qa (Q'a). As described above, since only the mini- 
mum voltage VQamin necessary for turning on the 
transistor Qa is applied as the collector-emitter 

70 voltage VQa of the transistor Qa, loss in this portion 
is very small. Accordingly, efficiency as a whole in 
the circuit becomes very high. Moreover, for the 
sharp rise time of the input Vin. power is supplied 
from the auxiliary power source line 48 which is of 

75 a quicker response and, therefore, necessary pow- 
er can be supplied to the load 10 following this 
sharp rise sufficiently. Besides, since the auxiliary 
power source line 48 is driven by the high voltage 
+ B as in the main power source line 42. it can 

20 supply a predetermined maximum output to the 
load without clipping of output even in the sharp 
rising portion of an input of a large amplitude. 

The circuit of Fig. 1 is beneficial also in acous- 
tic characteristics. Since the transistor Qb is not cut 

25 off, it is always in an active state with a small 
current and operates in such a manner that a ripple 
portion of the main current ILI occurring due to the 
switching operation is absorbed by varying the 
current IQb from the transistor Qb in accordance 

30 with the ripple portion. Therefore, the voltage sup- 
plied to the output stage transistor Qa has no ripple 
voltage whereby influence of the ripple voltage 
over the output is eliminated and deterioration of 
the distortion factor and S/N due to the switching 

35 drive can be prevented. 

In the circuit of Fig. 1. by setting the upper 
reference voltage VHCH of the hysteresis compara- 
tor 50 at a sufficiently small value, the average 
value of the auxiliary current IQb can be made 

40 small and the loss in the transistor Qb can thereby 
be reduced. This, however, increases the switching 
frequency of the transistor Qs with a resulting in- 
crease in switching loss. Accordingly, the value of 
the upper reference voltage VHCH should prefer- 

45 ably be determined in such a manner that sum of 
the loss in the transistor Qb and the switching loss 
in the transistor Qs will become the minimum. For 
reducing the loss, the lower reference voltage 
VHCL should preferably be as small as possible 

50 within a range in which the transistor Qb will not be 
cut off. In a case where a bipolar transistor is used, 
upper limit of self running switching frequency of 
the transistor Qs can be set at about 100 kHz (the 
self running frequency varies depending upon the 

55 output). When the upper limit is set at a frequency 
more than 100 kHz, a power MOS transistor may 
be used if a bipolar transistor cannot sufficiently 
perform the switching function. 
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An example of the hysteresis comparator 50 is 
shown in Fig. 1 1 . A circuit of serially connected 
resistances R3 and R4 is connected between a 
power source line of B and a junction 58 be- 
tween a transistor Qs and a diode D3. A circuit of 
serially connected transistor Qc and resistances 
R2, R1 is connected across resistance Rs. A junc- 
tion 60 of resistances R3 and R4 is connected to 
the base of the transistor Qc and a junction 62 of 
resistances R1 and R2 is connected to the base of 
the switching transistor Qs. 

According to this construction, the transistor Qc 
is on due to voltage produced across the resis- 
tance R3 when the transistor Qs is off. At this time, 
voltage obtained by dividing voltage VRs by the 
resistances R1 and R2 is applied to the transistor 
Qs. In this state, if the auxiliary current IQb in- 
creases, the voltage VRs increases and the base- 
emitter voltage of the transistor Qs increases to 
about 0.6V. This causes the transistor Qs to be 
turned on and the main current IL1 thereby flows. 
Upon turning on of the transistor Qs, the potential 
at the junction 58 rises to about + B and. there- 
fore, the potential at the junction 60 also rises and 
the transistor Qc is thereby turned off. As the main 
current ILI increases due to turning on of the 
transistor Qs, the auxiliary current IQb decreases 
and the voltage VRs decreases. When the transis- 
tor Qc is off. the voltage VRs is applied directly as 
the base-emitter voltage of the transistor Qs 
through the resistance R1 and, accordingly, the 
transistor Qs is turned off when this voltage VRs 
drops below about 0.6V. Upon turning off of the 
transistor Qs. the potential of the junction 58 drops 
and the transistor Qc is thereby turned on. 

In the above described manner, according to 
the hysteresis comparator 50 of Fig. 11, when the 
transistor Qs is off. the voltage obtained by dividing 
the voltage VRs by the resistances R1 and R2 is 
applied as the base-emitter voltage of the transistor 
Qs. Therefore, the transistor Qs is turned on only 
when the voltage VRs has increased to the point at 
which voltage of about 0.6V or over is produced 
across the resistance R2. When the transistor Qs is 
on, the voltage VRs is applied directly as the base- 
emitter voltage of the transistor Qs through the 
resistance R1. Therefore, the transistor Qs is 
turned off when the voltage VRs drops below about 
0.6V. A comparator operation having hysteresis is 
thereby realized and the transistor Qs performs the 
switching operation by self-oscillation. 

The lower reference voltage VHCL is deter- 
mined on the basis of the value of the resistance 
Rs. The upper reference voltage VHCH is deter- 
mined on the basis of the ratio of the resistances 
R1 and R2 so that the larger the value of the 
resistance R1 over the value of the resistance R2, 
the larger becomes the reference voltage VHCH. 
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The hysteresis comparator 50 is not limited to 
the one of Fig. 1 1 but can be constructed in 
various manners such as employing an operational 
amplifier. The hysteresis comparator 50 of Fig. 11 

5 however is advantageous in that it can be realized 
easily because it does not need a separate power 
source for the comparator. 

The circuit of Fig. 1 can be considered to be 
equivalent in its concept to the circuit shown in Fig. 

10 12. In this circuit, a high efficiency current buffer 
circuit (the switching transistor 42 and the smooth- 
ing inductor LI) which can supply current at a high 
efficiency but is slow in response to the change in 
an input signal is inserted in the main power 

15 source line 42 and a high speed voltage buffer 
circuit (the transistor Qb and the section 51 for 
controlling the base voltage thereof) which is quick 
in response to to the change in the input signal but 
has a large loss is inserted in the auxiliary power 

20 source line 48. The currents ILI and IQb of the 
power source lines 42 and 48 are added together 
at the addition point 49 and the load current IRL ( = 
ILI + IQb) is supplied to the load 10 through the 
transistor Qa. The current detection circuit 

25 (resistance Rs) detects the magnitude of the auxil- 
iary current IQb and, controls the high efficiency 
current buffer circuit (42. LI) responsive to the 
detected current, a control circuit (hysteresis com- 
parator 50) and thereby both the circuits adjusts 

30 the main current ILI. The high speed voltage buffer 
circuit (Qb, 51) supplies deficient current (IRL - ILI) 
in the main current line ILI as the auxiliary current 
IQb. 

The collector voltage Vs of the output transistor 

35 Qa is only slightiy larger than the output voltage 
Vout and the loss of the output transistor Qa is 
thereby held at the minimum. As to the load cur- 
rent IRL, the auxiliary current IQb first responds to 
the sharp rising of an input and then the main 

40 current ILI gradually dominates the load current. 
Since the auxiliary current IQb rises at an ex- 
tremely high speed, no substantial deformation oc- 
curs in the output waveform. Since supply of the 
auxiliary current IQb is an operation lasting only a 

45 short period of time and energy is mainly supplied 
by the main current IL1 from the main power 
source line 42 which is of a small loss, efficiency 
as a whole increases. Thus, a power amplification 
circuit having a high efficiency and a fast through 

50 rate can be realized. 

A specific example of the circuit of Fig. 1 is 
shown in Fig. 13. In FiQ. 13, the same component 
parts as those in Fig. 1 are designated by the 
same reference characters. In Fig. 13, the main 

55 power source line 42 supplies main current to the 
output transistor Qa through the switching transistor 
Qs, inductor LI and current addition point 49. The 
auxiliary power source line 48 supplies auxiliary 
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current to the output transistor Qa through resis- 
tances RIO, R11 and R12, a current detection 
limiter 90 and transistor Qb. The section 51 of Fig. 
1 which controls the base potential of the transistor 
Qb corresponds in Fig. 13 to the path including the 
emitter of a transistor Q10, Zener diode ZD, resis- 
tance R1 4 and the base of the transistor Qb. By 
this arrangement, when an input rises sharply, the 
base potential of the transistor Qb instantly rises 
and causes the auxiliary current to increase to 
respond to the sharp rise of the input and then the 
main current increases gradually and the auxiliary 
current decreases gradually. 

The following arrangements are made in the 
circuit of Fig. 13: 

(1) The output stage transistors Qa and cascade 
transistors Qb are respectively provided in par- 
allel. The smoothing inductor LI is correspond- 
ingly coil-wound in parallel. This structure en- 
ables generation of a large output. Besides, pro- 
vision of a stabilizing resistance (e.g., resistance 
value of 0.22o) connected to the emitter of the 
cascade transistor Qb becomes unnecessary 
whereby loss in the stabilizing resistance can be 
prevented and a high efficiency can be realized. 
If the smoothing inductor LI is constructed with 
a single winding, thecurrent input point 49 must 
be a single point and the emitters of the cas- 
cade transistors Qb will necessarily be com- 
monly connected. In this case, provision of re- 
sistance of e.g. , 0.22.fl for each emitter be- 
comes necessary for stabilizing the operation 
current of the cascade transistors Qb to the 
expected degree. By winding the smoothing in- 
ductor LI in parallel, there are provided two 
current input points 49. Since resistance of the 
coil windings, though it is very small, exists 
between them and, therefore, mutual interfer- 
ence in the operation of each cascade transistor 
Qb decreases with resulting alleviation of the 
stabilization problem. The emitter resistance of 
the cascade transistors Qb therefore becomes 
unnecessary and loss due to this emitter 
(stabilizing) resistance is eliminated. 

(2) A ripple absorption circuit 92 (i.e., low-pass 
filter) consisting of resistances R15, R16 and a 
capacitor CIO is connected between the output 
of the smoothing inductor LI and the power line 
56. By this arrangement, a part of ripple compo- 
nent of the main current due to switching of the 
transistor Qs is led to an ac common potential 
point (power line 56) whereby burden upon the 
operation current of the cascade transistors Qb 
is decreased to some extent and increase of 
loss in the transistors Qb is prevented. 

(3) The current detection limiter 90 consisting of 
diodes D11 and D12 is connected in parallel to 
the current detecting resistances RIO, R11 and 
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R12. Regarding these resistances RIO, R11 and 
Rt2, when the switching transistor Qs is off (i.e., 
the transistor Qc is on), serial resistance is 
formed by of parallel resistance of the resis- 

5 tances (RIO and R11) and the resistance Rl2, 

when the switching transistor Qs Is on (i.e., 
transistor Qc is off), serial resistance is formed 
by the resistances R10 and R12). By this ar- 
rangement, a current voltage which is detected 

70 by the current detecting resistances and then 
transmitted to the transistor Qs is restricted in 
its upper limit to 1.2V whereby overdriving be- 
tween the base and emitter of the transistor Qs 
is prevented and current can be supplied from 

75 the current detection limiter 90 to the cascade 
transistor Qb to improve the current supply ca- 
pacity of the cascade transistor Qb (if the cur- 
rent path of the transistor Qb Is current re- 
stricted by the resistance Rs (R10, R11 and 

20 R12), a large current cannot be supplied). 

(4) A hold circuit 94 consisting of the capacitor 
C11 and the diode D10 Is inserted in a path for 
connecting between the base potential of the 
cascade transistor Qb and the emitter potential 

25 (output potential) of the output stage transistor 
Qa. By this arrangement, a high frequency sig- 
nal Is detected in its peak value and Is held in 
voltage by the capacitor C11 and, accordingly, 
the base potential of the cascade transistor Qb 

30- becomes a constant voltage and this prevents 
occurrence of deficiency of the emitter output 
voltage of the cascade transistor Qb for the 
operation of the output stage transistor Qa due 
to phase delay or other causes. 

35 In this circuit, the collector-emitter voltage of 

the output stage transistor Qa is set to about 2V. 
More specifically, the collector potential of the 
output stage transistor Qa is determined through 
four diode connections (0.6V x 4 = 2.4V) form 

40 the upper potential of the Zener diode ZD, i.e., 
connection between the base and the emitter of 
the transistor Q11, the diode D10, connection 
between the base and the emitter of the transis- 
tor Q14 and connection between the base and 

45 the emitter of the transistor Qb. The emitter 
potential of the output stage transistor Qa is 
determined through two diode connections (0.6V 
X 2 = 1.2V) form the lower potential of the 
Zener diode ZD, i.e., connection between the 

50 base and the emitter of the transistor Q15, and 
connection between the base and the emitter of 
the transistor Qa. That is, (3.2 - 2.4) - (0 - 1.2) = 
2.0V becomes the collector-emitter voltage of 
the output stage transistor Qa. The upper poten- 

65 tlal and the lower potential of the Zener diode 
ZD are 3.2V and OV respectively. 

(5) A switching frequency fine adjustment circuit 
96 consisting of a capacitor C12 Is inserted in 
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parallel in an auxiliary current value detection 
systenn. When an optimum design of a switching 
self-running system including the hysteresis 
comparator 50 and the switching transistor Qs is 
made, the switching frequency sometimes be- 
comes very high (e.g., 100kHz or over). By the 
provision of this switching frequency fine adjust- 
ment circuit 96, the switching frequency can be 
lowered to some extent and freedom of design 
can thereby be increased. 

Embodiment 2 

Another embodiment is illustrated in Fig. 14, in 
which the transistor Qb of Fig. 1 concurrently per- 
forms the function of the transistor Qa. In Fig. 14, 
the same component parts as those of the embodi- 
ment 1 are designated by the same reference 
characters as those in Fig. 1. A part on the nega- 
tive side, which corresponds to that of the positive 
side, will be shown with a dash. One end each of 
flywheel diodes D3 and D3' is connected to a 
terminal of opposite power sources instead of be- 
ing grounded. In this circuit, since values of auxil- 
iary current IQb and IQb* are controled by potential 
of current addition points 49 and 4Q\ these addition 
points 49 and 49' constitutes the auxiliary power 
supply amount adjusting means. 

This circuit performs almost the same opera- 
tion as the circuit of Fig. 1. However, since in this 
circuit, the main power source lines 42 and 42' do 
not include the output transistors Qb and Qb'- 
(corresponding to the transistors Qa and Qa' in Fig. 
1), efficiency is thereby improved and the circuit is 
also simplified in comparison with the circuit of Fig. 
1. As a ripple current of the auxiliary currents IQb 
and IQb' is produced from the output transistors 
Qb and Qb\ this circuit is disadvantageous in char- 
acteristics in comparison with the circuit of Fig. 1. 
However, this circuit is advantageous when it is 
used In a case where only low frequency is pro- 
duced as in an amplifier for a sub-woofer, for 
example, because in this case the values of the 
smoothing coils LI and LV can be increased and 
the ripple current can be minimized. Also, by em- 
ploying a quickly operating switching element for 
the transistors Qs and Qs\ the ripple current can 
be minimized without increasing the values of the 
smoothing coils Li and L1', so that the circuit 
design can be simplified, though this is accom- 
panied by increase of switching loss. 

Embodiment 3 


Fig. 15 shows another embodiment of the in- 
vention, in this embodiment, the main power is 
supplied by inserting a switching series regulator, 
hereafter referred to as SSR, into the main power 
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line 42 to switch the main power line 42, while for 
signals which rise so quickly that the SSR cannot 
respond to it, power is supplied by the transistor 
Qb of the auxiliary power line 48. In this embodi- 

5 ment, the power supply line to a load 10 is auto- 
matically switched in accordance with the level of 
voltage of the main power source line 42 and the 
auxiliary power source line 48. Power supply is 
normally made with high efficiency from the SSR 

10 72 by setting output voltage of the SSR 72 higher, 
while in a case where an input signal has risen 
sharply and the output voltage of the SSR 72 
cannot respond to it, power is supplied in quick 
response from the auxilary power source line 48 by 

76 setting the output voltage of the auxiliary power 
source line 48 higher and thereby switching on the 
transistor Qb. 

The circuit of Fig. 15 will now be described- In 
the circuit, the same component parts as those of 

20 the embodiment of Fig. 1 are designated by the 
same referrence characters as those in Fig, 1. In 
Fig. 15, the circuit of the positive side only is 
illustrated. The negative side circuit 70 Is con- 
structed in the same manner as the positive side 

25 circuit and is driven by the power source 46 (power 
voltage -B). The following description will be made 
about the positive circuit only. 

An audio signal is applied to transistors Qd, 
and Qd' of the driving stage through a bias circuit 

30 40 to drive the transistors Qa and Qa' of the output 
stage and thereby supply necessary power to the 
load 10. 

A main power source line 42 constituting a 
main supply source of power to the load 10 con- 
35 sists of a power source 44 (power voltage + B), an 
SSR 72, a diode Ds, the output transistor Qa and 
resistance Ra. An auxiliary power source line 48 for 
supplying a portion of necessary power which the 
main power line 42 cannot satisfy consists of the 
40 power source 44, a transistor Qb (auxiliary power 
supply amount adjusting element), the output stage 
transistor Qa and the resistance Ra. 

A switching transistor Qs and a smoothing cir- 
cuit 74 consisting of an inductor LI and a capacitor 
45 C1 are inserted in the main power source line 42 of 
the SSR 72. The diode D3 is a flywheel diode to 
cause current of the coil LI to flow when the 
switching transistor Qs is turned off. A comparator 
76 and a PWM circuit 78 constitute switching con- 
so trol means 80. That is, the comparator 76 receives 
an output voltage of the SSR 72 at one input 
thereof and receives, at another input thereof, volt- 
age obtained by shifting up an emitter potential of 
the output stage transistor Qa by voltage V2 of a 
55 dc power source 82 as reference voltage and then 
compares voltages of the two inputs. The PWM 
circuit 78 delivers out the compared output after 
pulse modulating it. More specifically, it produces 
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pulses having such periods that when the reference 
voltage is higher, the period of "0" is long and that 
of "1" is short, while when the r ference voltage is 
lower, the period of "0" is short and that of "1" is 
long. Oscillation frequency of the PWM cj.rcuit 78 
can be set below approx. 100 kHz ( over 30 to 40 
kHz), when a bipolar transistor is employed for the 
switching transistor Qs. When a power MOS tran- 
sistor is employed, it can be set at a frequency 
over 100 kHz. 

The switching transistor Qs is switched, being 
turned on when output of the PWM circuit 78 
becomes "0", and turned off when it becomes "1 ". 
Output voltage of the switching trainsistor Qs is 
smoothed by the smoothing circuit 74 and deliv- 
ered out. A diode Ds inserted between the output 
of the SSR 72 and the collector of the transistor Qa 
prevents current flow from flowing the auxiliary 
power line 48 to the output of the SSR 72 when the 
transistor Qb is on and current is being supplied 
from the auxiliary power source line 48. 

The main power source line 42 and the auxil- 
iary power source line 48 are connected to each 
other at a point 49. As the transistor Qb (the 
auxiliary power supply amount adjusting element) 
is turned on or off in accordance with potential at 
the point 49 against the emitter potential of the 
transistor Qa. This point 49 constitutes the auxiliary 
power supply amount control means. 

A dc power source 52 is connected between 
the emitter of the output stage transistor Qa and 
the base of the transistor Qb. The dc power sour- 
ces 52 and 82 reduce loss in the transistor Qa by 
maintaining the collector-emitter voltage VQa of the 
output stage transistor Qa within a minimum volt- 
age at which the transistor Qa can be maintained in 
the on state. 

Voltages V1 and V2 of the dc power sources 
52 and 82 are set in the following manner: Voltage 
gain between the reference voltage input and the 
output of the SSR 72 is 1, and in order to turn on 
the transistor Qa by the output voltage of the main 
power source line 42, the voltage V2 is set to V2 > 
VQamin + VDs, where VQamin is the minimum 
voltage at which the transistor Qa can secure lin- 
earity at its maximum output, which is normally 
about 2V to 3V, and VDs is the forward voltage of 
the diode Ds. which is approximately 0.6V. In order 
to turn on the transistor Qa by the output voltage of 
the auxiliary power source line 48, the voltage VI 
is set to (VI > VQamin + VQbBE). VQbBE is a 
base-emitter voltage of the transistor Qb when the 
transistor Qb is on, which is approximately 0.6V. 
Moreover, in order to supply power from the SSR 
72 by turning off the transistor Qb in case of a 
nomal input (i.e., non-sharp input), VI and V2 are 
set to (V2 = VI + a ), where a is and additional 
amount for V1 and is a positive value. In case of a 
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dc input, the additional amount a is set in such a 
manner that the voltage V2 becomes slightly higher 
than the the voltage VI. The additinal amount, 
however, must be determined taking into con- 

5 cideration a phase delay in the smoothing circuit 
74 caused by an ac component contained in the 
SSR 72- When it is desired to supply power up to 
at least a middle frequency range of tone signals 
with voltage from the SSR 72, the additional 

10 amount a must be set at a sufficient value taking 
into consideration decrease in the voltage VQa 
caused by this phase delay. By setting the value of 
the additional amount in this manner, the probabil- 
ity of the transistor Qb being turned on is de- 

76 creased and increase of loss in the transistor Qb 
can thereby be prevented. 

The operation of the circuit of Fig. 14, in which 
the voltages V1 and V2 are set in the above 
described manner, will be described. When an 

20 audio input rises quickly, the emitter potential of 
the transistor Qa is increased, and the base poten- 
tial of the transistor Qb thereby is increased. How- 
ever, as potential at the point 49 does not increase 
immediately, the base-emitter voltage VQbBE of 

25 the transistor Qb reaches approximately 0.6V to 
turn the transistor Qb on. When the transistor Qb is 
turned on. necessary current IQb (= the load cur- 
rent IRL) is delivered out from the auxiliary power 
line 48 and applied to the load 10 through the 

30 output stage transistor Qa and the resistance Ra. 

At this moment, in the SSR 72, the reference 
voltage input increases in accordance with the in- 
crease in the emitter potential of the transistor Qa, 
and the switching control means 80 increases ratio 

35 of the on-period of the PWM waveform to turn on 
the transistor Qs. The output voltage of the transis- 
tor Qs is smoothed by the smoothing circuit 74. As 
this smoothed output increases gradually and ap- 
plied fonward voltage of the diode Ds has reached 

40 approximately 0.6V, the diode Ds is turned on. The 
emitter potential of the transistor Qb thereby in- 
creases, and the base-emitter voltage VQbBE falls 
below approximately 0.6V to turn off the transistor 
Qb. Therefore, necessary current IL1 (= the load 

45 current IRL) is delivered out of the main power 
source line 42 and applied to the load 10 through 
the output stage transistor Qa and the resistance 
Ra- 
in this manner, to respond quickly to a sharp 

50 rise of input, the auxiliary power source line 48 
supplies power to the load 10 by the current IQb. 
Then, when output voltage of the main power 
source line 42 has sufficiently risen, the auxiliary 
power source line 48 is turned off to supply power 

65 from the main power source line 42. Since a high 
frequency component (a signal of a large variation) 
of a tone signal has a relatively small energy, the 
average value of the auxiliary current IQb is small 

9 


17 


EP 0 519 471 A1 


18 


and, most part of the load current IRL is supplied 
by switching drive as the current ILl from the main 
power source line 42 whose efficiency is high. All 
load current IRL in the circuit of Fig. 15 is supplied 
from the transistor Qa (Qa*). However, as described s 
above, the collector-emitter voltage VQa of the 
transistor Qa is only the minimum voltage VQamin 
+ a necesary to turn the transistor Qa on, loss is 
very small at this part. Accordingly, efficiency of 
the circuit as a whole becomes very high. More- io 
over, for the sharp rise of the input Vin, necessary 
power for the load 10 can be supplied in quick 
response tp the sharp rise by supplying power 
from the auxiliary power source line 48 having a 
quick response characteristic. Further, as the auxil- 75 
iary power sourco line 48 is driven by a high 
voltage B as is the main power source line 42, it 
can quickly follow a sharp rise of a large amplitude 
input and supply a predetermined maximum output 
can be supplied to the load without clipping the 20 
output. 

Since the SSR as a normal stabilizing power 
supply produces only a dc current, cutoff frequen- 
cy of the smoothing circuit can be set at a rela- 
tively low value, and an output ripple voltage there- 25 
fore is low. However, the output of the SSR 72 of 
Fig. 15 is required to respond to high signal fre- 
quencies to some extent. For this reason, the cutoff 
frequency of the smoothing circuit 74 is required to 
be set to a high value, so that sufficient removal of 30 
ripple may not be achieved. However, since the 
output ripple voltage of the SSR 72 becomes the 
power supply of the output transistor Qa (i.e., the 
amplifier) and is removed to some degree by the 
amplifier having a power supply ripple removal 35 
ratio, the ripple voltage does not appear directly in 
the amplifier output. Also, in application such as a 
sub-woofer amplifier in which only low frequency is 
produced, the cutoff frequency of the smoothing 
circuit 74 can be set to a high value to reduce the 40 
ripple voltage. Further, when a switching element 
capable of switching at very high velocity is em- 
ployed as the transistor Qs, the ripple voltage can 
be reduced without increasing the value of the 
smoothing circuit 74. Although switching loss in 45 
this case may be increased, this circuit design may 
be adopted if the advantage of loss reduction at the 
transistor Qb is larger than the disadvantage of 
increase in the switching loss. 

The embodiment 1 of Fig. 1 may be consid- so 
ered to be more advantageous than the embodi- 
ment 3 of Fig. 15 in the following respects: 

(1) In the circuit of Fig. 15, since operations of 
the transistor Qb and the SSR 72 are made by 
voltage, the voltage VQa must be changed in 55 
order to switch their power source lines. There- 
fore. VQa must normally have voltage more than 
VQamin + a applied thereto. In contrast, in the 


circuit of Fig. 1, the voltage input terminal is 
necessary for only the transistor Qb side, and 
the voltage VQa is always constant no matter 
from which side of the transistor Qb and the 
transistor Qs the current is flowing. Accordingly, 
normally. VQa has only to be slightly larger than 
VQamin and the additional portion a is not nec- 
essary, and the loss in the transistor Qa can 
thereby be reduced. 

(2) In the circuit of Fig. 15, since the transistor 
Qb is off when the power is supplied form the 
SSR 72, the ripple voltage of the output voltage 
of the smoothing circuit 74 may be applied to 
the output transistor Qa and the ripple may 
appear in the output. In the circuit of Fig. 1, the 
auxiliary current IQb flows to cancell the ripple 
current produced from the smoothing coil LI, 
and the ripple portion is hardly delivered out in 
the output, so that deterioration in the distortion 
ratio and S/N can be prevented. In other words, 
the function of the transistor Qb differs in Fig. 1 
and Fig. 15. In Fig. 15. the transistor Qb func- 
tions as a voltage source in case the SSR 72 
can not serve in time, while in Fig. 1 , it performs 
three functions, i.e. (a) a current source for a 
signal which rises sharply, (b) a current detec- 
tion source to turn on the transistor Qs and (c) 
an active filter to absorb the output voltage 
ripple. 

(3) The SSR 72 of Fig. 15 as the main power 
source line usually includes the comparator 76 
and the PWM circuit 78, the latter having an 
oscillator and a voltage comparator. Since in the 
circuit of Fig. 1, the resistance Rs, the hyster- 
esis comparator 50 and the smoothing coil LI 
operate as a self-excited system and the hyster- 
esis comparator 50 can be made in a simple 
manner as in Fig. 11, the circuit design can be 
simplified. 

In the above described embodiments, the auxil- 
iary power line and the main power line are driven 
by the single power source voltage +B. However, 
they can be driven by individual power source 
volgates, if these power source voltages can sup- 
ply a maximum output for various inputs by the two 
power lines. In the abvoe described embodiments, 
the invention is applied to the SEPP amplification 
circuit. The invention however can be applied also 
to other amplification circuits of various types. 

Clainns 

1. An amplification circuit comprising: 

power amplifying means for amplifying an 
input singal, the power amplifying means ca- 
pable of being driven by receiving a source 
voltage; 

a power source; 
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main power source supplying means for 
suppiying a source voltage from said power 
source to said power amplifying means. 

said main power source supplying means 
comprising, 

a switching element, provided between 
said power amplifying means and said power 
source, for switching transmission of said pow- 
er source and said power amplifying means, 

smoothing means for smoothing a switch- 
ing output through the switching element and 

switching control means for controlling a 
switching operation of the switching element; 

auxiliary power source supplying means 
for supplementing a deficiency of a necessary 
source voltage to normally drive the power 
amplifying means with supply of the source 
voltage from said main power source sup- 
plying means. 

An amplification circuit as defined in claim 1 
wherein said switching control means com- 
prises current detection means and a hyster- 
esis comparator, the current detection means 
for detecting a current flowing through said 
auxiliary power source supplying means and 
the hysteresis comparator control an on/off 
timing of the switching element in accordance 
with detected current of said current detection 
means. 

An amplification circuit as defined in claim 1 
wherein said switching control means of said 
main power source supplying means com- 
prises switching series regulator. 

A power source supplying system for a power 
amplifier comprising: 
a power source; 

high efficiency current buffer means for 
supplying a power having high efficiency cur- 
rent characteristic from said power source to 
the power amplifier; ' 

high speed voltage buffer means for sup- 
plying a power having high speed voltage 
characteristic from said power source to the 
power amplifier; 

current detection means provided between 
said power source and said high speed voltage 
buffer means for detecting a current flowing 
from said high speed voltage buffer means to 
the power amplifier; and 

control means for controlling output of said 
high efficiency current buffer means. 

A power source supplying device for a power 
amplifier comprising; 
a power source; 
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a switching transistor, an emitter of which 
is connected to the power source; 

a smoothing circuit connected to a collec- 
tor of the switching transistor; 

a hysteresis comparator, output side of 
which is connected to a base of the switching 
transistor, the hysteresis comparator outputting 
a control voltage having hysteresis characteris- 
tic; 

current detection resistance, one end of 
which is connected to the power source and 
the other end of which is connected to the 
input side of the hysteresis comparator; 

a transistor, a collector of which is con- 
nected to the input side of said hysteresis 
comparator and an emitter of which is con- 
nected to the output side of said smoothing 
circuit; and 

an output stage transistor for supplying a 
power to drive a load, a collector of which is 
connected to a connection point of said tran- 
sistor and said smoothing circuit, 

wherein a base of the transistor and an 
emitter of the output stage transistor are con- 
nected so as to have a predetermined potential 
difference between each other. 

6. A power source supplying device as defined in 
claim 5 wherein a diode is connected at a 
connection point of said switching transistor 
and said smoothing circuit in parallel. 

7. A power source supplying device as defined in 
claim 5 wherein said smoothing circuit com- 
prises an inductance. 


8. 


A power source supplying device as defined in 
claim 7 wherein the inductance of the smooth- 
ing circuit comprises plural coils provided in 
parallel. 
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